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Table 1. Yields and lf,0 / 180  ratios for compounds (4)—(7).
Theoretical
via (2) via (3) Experimental
oduct Yield (%) lcO : 180 160 ;180 ieO : lhO
(7) 77.5“ 100:0 100:0 100:0
(4) 95.6b 45.8:54.2 >45 .8 :  <54.2 45.3:54.7
(5) 7.5a 100 :0 72.9:27.1 100:0
(6) 4.0° 72.9:27.1 72.9:27.1 73.0:27.0
a Based on dimethyl sulphide (0.05 m ) used. b Recovered; lr,0 / 180  
ratio of starting (4) is 45.8:54.2. c Based on (4) (0.25 m ) used.
500 W  Xe lamp under  an oxygen flow for lO m in .  The 
dimethyl su lphoxide and  dimethyl su lphone  p roduced  were 
determined by g.l.c. an d  the yields o f  the non-deuter ia ted  
sulphoxide a n d  su lphone were de te rm ined  by n.m.r.  
spectroscopy. Contro l  experiments  showed that  (4) was u n ­
reactive tow ard  10 2 under  the same condit ions.  The 160 / 180  
ratios o f  the sulphoxide and  the su lphone  were determined  
by a com par ison  o f  the peak heights o f  their molecu lar  ions 
in their mass spectra. The  results are shown in T ab le  1.
Since no incorpora t ion  of  180  in M e 2S 0 2 (5) was observed, 
p a th  b and  p a th  c could be ruled out. In p a th  a, the lsO 
should  be conta ined  solely in (6) with none  in (5) while in 
b o th  p a th  b and  p a th  c 5 0 %  o f  the original lsO would  be 
found in (6 ) and  the same in the non-deuter ia ted  su lphone
(5), since the cyclic su lphurane  (3) should  collapse to give 
equal a m o u n ts  o f  (5) a n d  (6 ) (Scheme 1 ). Based on this
rationale and the results in Table 1, we infer that nucleo- 
philic oxidation of (4) by (1) proceeds via path a. The sul­
phone (5) could arise from the oxidation by ( I)2*3 of the 
non-deuteriated sulphoxide (7) formed during the reaction 
and/or  by intramolecular rearrangement of (1) itself.7 A 
decrease in solvent polarity would be expected to favour the 
formation of the non-ionic intermediate (3) rather than the 
dipolar intermediate (2), however, a change of solvent from 
CD3CN to [2HG]benzene-CD2Cl2-CDCl3 did not alter the 
lsO distribution in the product sulphones.
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Olefin Epoxidation by a Mono-oxygenase Model. Effect of Site Isolation
Alexander W. van der Made, Jan W. H. Smeets, Roeland J. M. Nolte, and Wiendelt Drenth
Laboratory of Organic Chemistry, University of Utrecht, Croesestraat 79, 3522 AD Utrecht, The Netherlands
Anchoring of (tetraphenylporphmato)manganese(lll) acetate to a rigid polymer support considerably enhances 
the rate of cyclohexene epoxidation by this catalyst.
T he  development o f  efficient oxidat ion  catalysts after the received m uch  a t ten t io n .1 Recently, cy tochrom e P-450 models 
example o f  the mono-oxygenase  enzymes in na tu re  has have been repor ted  that  epoxidize olefins under  relatively mild
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cond i t ions .2 These model systems consist o f  a synthetic 
metallo(in)porphyrin  an d  an oxygen source, either a single 
oxygen d o n o r  such as iodosylbenzene or  a hypochlorite,  or  a 
com bina t ion  of  molecular  oxygen and  a reducing agent. The 
active species in these systems is probably  a highly reactive
oxom eta l lo (v )porphyr in .3
In mono-oxygenases the meta l loporphyrin  is su r rounded  
by a globin, which creates site isolation of  the active centre. 
This suggested to us that the principle o f  site isolation may also 
be applied to the above m ent ioned  synthetic catalysts. Thus, 
their activity might be favourably affected since the formation  
of  less reactive dimers, e.g. (¿¿-oxo)metallo(iv)porphyrin 
dimers would  be preven ted .4 Site isolation can be achieved by 
anchor ing  the porphyrin  on to  a rigid suppor t  an d  we give 
here an example of  such an anchoring.
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Figure 1. Cyclohexene epoxidation by ( la)  in the presence of 4- 
methylpyridine ( # ) ,  pyridine (O) ,  4-cyanopyridine (A), imid­
azole ( ■ ) ,  and without additive (A).
We used a polymer o f  an isocyanide, ( R - N = C < ) n (1), as 
the support .  Polymer (1) has a rigid 4 1 helical configuration. 
It was prepared  by converting th e a -a m in o  group of  L-tyrosine 
into an isocyano function and  by subsequent polymerization 
with nickel chlor ide .5*6 The  molecular weight o f  (1) am oun ted
to M v 25 000 (100 repeating units).
(Tetra-/?<7/Y/-substituted-phenylporphinato)manganese(ni) 
acetates (2a) and  (2b) were synthesized and  coupled to (1) by 
means of  ether linkages with the tyrosine phenyl rings .6 The 
coupling products ,  ( l a )  and  (lb), have a porphyrin  content  
o f  4 an d  1.5 weight %, respectively, which corresponds to an 
average of  0.5— 1.0  molecule o f  catalyst per polymer chain. 
C o m p o u n d  (lb) has a cross-linked structure, whereas ( la )  has 
not.
The catalytic activity of  the anchored  catalysts ( la )  an d  (lb), 
an d  the non-anchored  catalysts (2 a — c) was tested in the 
epoxidation of  cyclohexene using a biphase or  tr iphase (for 
polymer catalysts) sys tem.t  Sodium hypochlorite was used as 
a single oxygen donor .  Reactions were followed by g.l.c. and 
mass spectrometry.
Pyridine an d  substi tu ted pyridines considerably enhanced 
the catalytic activity o f  the anchored  porphyrin ,  the effect 
decreasing in the series 4-picoline >  pyridine >  4-cyano­
pyridine (Figure 1). Imidazole completely blocked the epoxi­
dation of  cyclohexene. The rate enhancing effect o f  pyridine 
has been reported before, in case of  complex (2c ).7 Pyridine 
and the substi tu ted pyridines probably  co-ordinate  to the M n 111 
centre and facilitate the formation of  the o x o -M n x species by 
virtue o f  their electron donat ing  properties.
The effect o f  anchoring  the porphyrin  was investigated in 
the presence of  4-picolinet  (Figure 2). The anchored  catalyst 
( la )  is approximately  3 times more  active than the free 
catalysts (2a)— (c), which show the same activity. Initial tu rn ­
over numbers  were 300 and 95 mol h -1  (mol catalyst)-1 , respec­
tively. This rate enhancement is considerable, in part icular  
if we take into account the insolubility o f  ( la )  in the reaction 
medium, whereas complexes (2a)— (c) are soluble. The  
observed effect emphasizes the importance of  site isolation 
of  the porphyrin  catalyst. The cross-linked catalyst (lb) shows
Time /min
Figure 2. Effect of anchoring on the rate of cyclohexene epoxida 
tion. Catalyst ( la)  ( * ) ,  (lb) ( ■ ) ,  and (2a), (b), or (c) (A).
t  In a typical experiment the following components were mixed: 
0.0025 mmol of porphyrin catalyst (either polymer attached or 
free), 1.25 mmol of 4-methylpyridine, 1 cm3 of a solution of 
benzyltriéthylammonium chloride (5 mmol d m -3) in methylene 
chloride, 0.4 mmol of cyclohexene, and 2.0 cm3 of an aqueous 
solution (pH 13) of sodium hypochlorite (0.35 mol d m " 3). 
Reaction temperature 25.0 C.
1206 J .  CHEM. SOC., CHEM. COMMUN., 1 9 8 3
a lower epoxidation rate which may be the result of diffusion 
limitation or shielding of the metalloporphyrin.
Anchored catalysts of the type described here, which can be 
recovered and retain their activity during prolonged periods 
of time, may become attractive alternatives to the currently 
employed epoxidation reagents,8 the more so as they use 
inexpensive chemicals, such as dilute solutions of commercial 
bleach, and do not require drastic, e.g. anhydrous, conditions.
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Selective Storage and Permeation of NaOH and HCI across a Capsule 
Membrane Coated w ith  Charged Synthetic Bilayers
Yoshio Okahata,* Gen-ichi Nakamura, Satoshi Hachiya, Hiroshi Noguchi, and Han-jin Lim
Department of Polymer Science, Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo 152, Japan
Nylon capsule membranes with positively or negatively charged bilayer coatings could selectively trap 
0.1 m NaOH or HCI in the inner aqueous phase, respectively, and the permeation was reversibly controlled 
near the phase transition of the coating bilayer.
Numerous important membrane-related processes such as 
active transport or oxidative phosphorylation in mitochondria 
are connected with an electrochemical gradient of or 
OH" across the membrane. The kinetics of passive transport 
and the storage of these ions, therefore, have been examined 
in various liposomes as models for biological membranes.1-3 
Phosphocholine-liposomes, however, do not seem to provide 
suitable systems for the storage of the H r/ O H -  electro­
chemical gradient. That is, they generally have a zwitter- 
ionic head group which is unfavourable for providing a 
selective permeability barrier for ions, they are chemically 
unstable under acidic and basic conditions, the inner aqueous 
phase is very small, and the bilayer wall is not necessarily 
sufficiently strong against osmotic pressure differences.
We report here that a chemically stable, bilayer-coated 
large nylon capsule membrane can selectively trap 0.1 m
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